CHEMICAL VS PHYSICAL CHANGE IN CUTTING PAPER

UNDERSTANDING CHEMICAL VS. PHYSICAL CHANGE IN CUTTING PAPER

CHEMICAL VS PHYSICAL CHANGE IN CUTTING PAPER IS A FUNDAMENTAL CONCEPT IN CHEMISTRY THAT OFTEN SPARKS CURIOSITY,
ESPECIALLY WHEN APPLIED TO EVERYDAY ACTIONS. WHILE THE ACT OF CUTTING PAPER MIGHT SEEM SIMPLE, IT PERFECTLY
ILLUSTRATES THE DISTINCTION BETWEEN TWO CORE TYPES OF TRANSFORMATIONS MATTER CAN UNDERGO: PHYSICAL AND
CHEMICAL CHANGES. THIS ARTICLE WILL DELVE INTO THE INTRICACIES OF HOW CUTTING PAPER DEMONSTRATES A PHYSICAL
CHANGE, CONTRASTING IT WITH WHAT A CHEMICAL CHANGE WOULD ENTAIL. W/E WILL EXPLORE THE DEFINING CHARACTERISTICS
OF EACH CHANGE, ANALYZE THE MOLECULAR BEHAVIOR INVOLVED, AND CLARIFY WHY THIS COMMON ACTIVITY SERVES AS AN
EXCELLENT EDUCATIONAL TOOL FOR UNDERSTANDING CORE SCIENTIFIC PRINCIPLES. BY DISSECTING THIS SEEMINGLY MUNDANE
ACT, WE GAIN A CLEARER PERSPECTIVE ON THE ENDURING NATURE OF MATTER AND THE ALTERATIONS IT CAN EXPERIENCE.
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DerINING PHYSICAL AND CHEMICAL CHANGES

IN THE REALM OF CHEMISTRY, UNDERSTANDING THE DIFFERENCE BETWEEN PHYSICAL AND CHEMICAL CHANGES IS PARAMOUNT TO
COMPREHENDING HOW SUBSTANCES INTERACT AND TRANSFORM. A PHYSICAL CHANGE ALTERS THE FORM OR APPEARANCE OF A
SUBSTANCE BUT DOES NOT CHANGE ITS CHEMICAL COMPOSITION. THE MOLECULES THEMSELVES REMAIN THE SAME, MERELY
REARRANGED OR IN A DIFFERENT STATE. CON\/ERSELY, A CHEMICAL CHANGE RESULTS IN THE FORMATION OF NEW SUBSTANCES
WITH DIFFERENT CHEMICAL PROPERTIES. THIS INVOLVES THE BREAKING AND FORMING OF CHEMICAL BONDS, LEADING TO A
FUNDAMENTAL ALTERATION IN THE IDENTITY OF THE MATTER INVOLVED.

THE KEY DIFFERENTIATOR LIES IN WHETHER THE SUBSTANCE'S INTRINSIC CHEMICAL IDENTITY IS PRESERVED OR IF ENTIRELY NEW
SUBSTANCES ARE CREATED. PHYSICAL CHANGES ARE OFTEN REVERSIBLE, MEANING THE ORIGINAL SUBSTANCE CAN BE RECOVERED,
WHILE CHEMICAL CHANGES ARE TYPICALLY IRREVERSIBLE, OR AT LEAST DIFFICULT TO REVERSE. OBSERVING THESE
TRANSFORMATIONS HELPS SCIENTISTS PREDICT HOW MATERIALS WILL BEHAVE UNDER VARIOUS CONDITIONS AND IS CRUCIAL FOR
DEVELOPING NEW MATERIALS AND PROCESSES.



THe Process oF CUTTING PAPER: A PHYSICAL TRANSFORMATION

W/HEN WE TALK ABOUT THE CHEMICAL VS PHYSICAL CHANGE IN CUTTING PAPER, THE ACT ITSELF IS A QUINTESSENTIAL EXAMPLE
OF A PHYSICAL CHANGE. IMAGINE TAKING A SHEET OF PAPER AND USING SCISSORS TO CUT IT INTO SMALLER PIECES. WHAT YoU
ARE DOING IS SIMPLY ALTERING THE SIZE AND SHAPE OF THE PAPER. THE FUNDAMENTAL CHEMICAL NATURE OF THE PAPER — ITS
COMPOSITION OF CELLULOSE FIBERS, LIGNIN, AND OTHER ORGANIC COMPOUNDS — REMAINS ENTIRELY UNCHANGED.

THE PAPER IS STILL PAPER, WHETHER IT'S A LARGE SHEET OR SMALL CONFETTI. YOU CAN GATHER ALL THE CUT PIECES AND,
THEORETICALLY, RECONSTRUCT THE ORIGINAL SHEET, ALBEIT WITH VISIBLE SEAMS. THIS LACK OF ALTERATION IN ITS CHEMICAL
IDENTITY IS THE HALLMARK OF A PHYSICAL CHANGE. THE FORCES INVOLVED IN CUTTING ARE MECHANICAL; THEY SEVER THE
BONDS BETWEEN PAPER FIBERS, BUT THEY DO NOT BREAK THE CHEMICAL BONDS THAT HOLD THE CELLULOSE MOLECULES
TOGETHER. THE SUBSTANCE'S INHERENT PROPERTIES, SUCH AS ITS FLAMMABILITY OR ITS ABILITY TO BE DISSOLVED IN CERTAIN
SOLVENTS, REMAIN THE SAME REGARDLESS OF ITS SIZE.

MOLECULAR STRUCTURE REMAINS INTACT

AT THE MOLECULAR LEVEL, THE PROCESS OF CUTTING PAPER INVOLVES MECHANICAL FORCE OVERCOMING THE INTERMOLECULAR
FORCES THAT HOLD THE CELLULOSE FIBERS TOGETHER IN A SHEET. THESE INTERMOLECULAR FORCES, LIKE HYDROGEN BONDS, ARE
RELATIVELY WEAK COMPARED TO THE COVALENT BONDS THAT FORM THE CELLULOSE MOLECULES THEMSELVES. W/HEN SCISSORS
CUT THROUGH PAPER, THEY ARE PRIMARILY SEPARATING THESE LARGER FIBER STRUCTURES. THE INDIVIDUAL CELLULOSE
MOLECULES, THE BUILDING BLOCKS OF PAPER, REMAIN INTACT, WITH THEIR ATOMS BONDED IN THE SAME ARRANGEMENT.

THERE IS NO REARRANGEMENT OF ATOMS, NO FORMATION OF NEW CHEMICAL COMPOUNDS, AND NO CHANGE IN THE CHEMICAL
BONDS WITHIN THE CELLULOSE STRUCTURE. THIS IS WHY THE CUT PAPER RETAINS ALL THE ORIGINAL CHEMICAL PROPERTIES OF
THE UNCUT PAPER. ITS CHEMICAL FORMULA, IF ONE WERE TO SIMPLIFY THE COMPLEX POLYMER OF CELLULOSE, WOULD NOT
CHANGE. THIS MOLECULAR STABILITY IS THE DEFINING CHARACTERISTIC THAT CATEGORIZES CUTTING PAPER AS A PHYSICAL
TRANSFORMATION.

WHY CUTTING PAPER IS NOT A CHeMicAL CHANGE

TO THOROUGHLY UNDERSTAND THE CHEMICAL VS PHYSICAL CHANGE IN CUTTING PAPER, IT’S ESSENTIAL TO ARTICULATE WHY IT
DOESN'T FIT THE DEFINITION OF A CHEMICAL CHANGE. A CHEMICAL CHANGE IS CHARACTERIZED BY THE CREATION OF NEW
SUBSTANCES. For EXAMPLE, IF YOU WERE TO BURN PAPER, THAT WOULD BE A CHEMICAL CHANGE. COMBUSTION INVOLVES
REACTING THE PAPER WITH OXYGEN, BREAKING THE CHEMICAL BONDS IN THE CELLULOSE AND FORMING NEW SUBSTANCES LIKE
CARBON DIOXIDE, WATER VAPOR, AND ASH. THESE PRODUCTS HAVE ENTIRELY DIFFERENT CHEMICAL PROPERTIES THAN THE
ORIGINAL PAPER.

HO\X/EVER/ WHEN PAPER IS CUT, NO NEW SUBSTANCES ARE FORMED. THE MATERIAL IS STILL COMPOSED OF THE SAME CHEMICAL
COMPOUNDS. THERE'S NO EMISSION OF GASES (OTHER THAN PERHAPS A TINY AMOUNT OF DUST FROM THE FIBERS), NO CHANGE IN
COLOR (UNLESS THE CUTTING TOOL ITSELF LEAVES A MARK), NO FORMATION OF PRECIPITATES, AND NO SIGNIFICANT RELEASE OR
ABSORPTION OF ENERGY IN THE FORM OF HEAT OR LIGHT, ALL OF WHICH ARE COMMON INDICATORS OF CHEMICAL REACTIONS. THe
PHYSICAL INTEGRITY OF THE PAPER IS ALTERED, BUT ITS CHEMICAL ESSENCE IS PRESERVED.

ABSENCE OF NEW SUBSTANCE FORMATION

THE MOST CRITICAL INDICATOR THAT CUTTING PAPER IS NOT A CHEMICAL CHANGE IS THE ABSENCE OF NEW SUBSTANCE
FORMATION. IN A CHEMICAL REACTION, ATOMS ARE REARRANGED TO FORM MOLECULES WITH DIFFERENT STRUCTURES AND
PROPERTIES. FOR INSTANCE, WHEN IRON RUSTS, IT REACTS WITH OXYGEN TO FORM IRON OXIDE, A NEXW COMPOUND WITH
DISTINCT PROPERTIES FROM IRON AND OXYGEN. IN THE CASE OF CUTTING PAPER, THE MOLECULES THAT CONSTITUTE THE PAPER —



PRIMARILY CELLULOSE — ARE NOT BROKEN DOWN OR RECOMBINED INTO DIFFERENT MOLECULES. THE SAME CHEMICAL ENTITIES ARE
PRESENT BEFORE AND AFTER THE CUTTING PROCESS, JUST IN SMALLER FRAGMENTS.

THIS OBSERVATION IS FUNDAMENTAL. |F YOU WERE TO PERFORM AN EXPERIMENT WHERE YOU COLLECTED ALL THE PIECES OF CUT
PAPER AND THEN SUBJECTED THEM TO A CHEMICAL ANALYSIS, THE RESULTS WOULD BE IDENTICAL TO THE ANALYSIS OF THE
ORIGINAL, UNCUT SHEET OF PAPER. THIS SCIENTIFIC CONSISTENCY REINFORCES THE CLASSIFICATION OF CUTTING PAPER AS A
PHYSICAL CHANGE, DISTINGUISHING IT CLEARLY FROM PROCESSES THAT INVOLVE CHEMICAL ALTERATION.

CHARACTERISTICS OF PHYSICAL CHANGES

PHYSICAL CHANGES ARE DEFINED BY SEVERAL KEY CHARACTERISTICS THAT MAKE THEM DISTINCT FROM CHEMICAL CHANGES.
THESE TRANSFORMATIONS PRIMARILY AFFECT THE FORM, STATE, OR APPEARANCE OF A SUBSTANCE WITHOUT ALTERING ITS
CHEMICAL COMPOSITION. THEY ARE OFTEN TEMPORARY AND CAN BE REVERSED BY UNDOING THE ACTION THAT CAUSED THE
CHANGE.

o CHANGE IN STATE: EXAMPLES INCLUDE MELTING ICE INTO WATER OR BOILING WATER INTO STEAM. THE H20 MOLECULES
ARE STILL PRESENT, JUST IN A DIFFERENT PHASE.

o CHANGE IN SHAPE OR SIzE: THIS IS DIRECTLY RELEVANT TO CUTTING PAPER, AS WELL AS CRUSHING A CAN OR MOLDING
CLAY. THE MATERIAL'S BASIC STRUCTURE IS MAINTAINED.

® MIXING OR DISSOLVING: W/HEN SALT DISSOLVES IN WATER, IT SEPARATES INTO IONS BUT REMAINS CHEMICALLY SALT. IT
CAN BE RECOVERED BY EVAPORATING THE WATER.

® REVERSIBILITY: MOST PHYSICAL CHANGES ARE EASILY REVERSED. FOR INSTANCE, THE WATER FROM MELTED ICE CAN BE
REFROZEN INTO ICE.

o No NEw SUBSTANCES FORMED: THE CHEMICAL FORMULA AND IDENTITY OF THE SUBSTANCE REMAIN THE SAME.

(UNDERSTANDING THESE CHARACTERISTICS HELPS IN ACCURATELY CLASSIFYING OBSERVED PHENOMENA. THE PREDICTABILITY AND
REVERSIBILITY OFTEN ASSOCIATED WITH PHYSICAL CHANGES MAKE THEM FUNDAMENTAL TO MANY INDUSTRIAL AND EVERYDAY
PROCESSES, FROM COOKING TO MANUFACTURING.

CHARACTERISTICS OF CHEMICAL CHANGES

CHEMICAL CHANGES, IN CONTRAST TO PHYSICAL CHANGES, INVOLVE A FUNDAMENTAL ALTERATION IN THE CHEMICAL
COMPOSITION OF A SUBSTANCE, LEADING TO THE FORMATION OF ONE OR MORE NEW SUBSTANCES WITH DIFFERENT PROPERTIES.
THESE TRANSFORMATIONS ARE OFTEN ACCOMPANIED BY OBSERVABLE SIGNS THAT INDICATE A CHEMICAL REACTION HAS
OCCURRED.

* FORMATION OF NEW SUBSTANCES: THIS IS THE DEFINING CHARACTERISTIC. FOR EXAMPLE, BAKING A CAKE TRANSFORMS
BATTER INTO A SOLID, EDIBLE ITEM WITH A COMPLETELY NEW TEXTURE AND FLAVOR.

o CHANGE IN ENERGY: CHEMICAL REACTIONS CAN RELEASE ENERGY (EXOTHERMIC REACTIONS)/ PRODUCING HEAT OR LIGHT
(LIKE BURNING), OR ABSORB ENERGY (ENDOTHERMIC REACTIONS), MAKING THE SURROUNDINGS COLDER.

¢ ProbuCTION OF GAS: BUBBLES FORMING, LIKE WHEN BAKING SODA REACTS WITH VINEGAR, INDICATE THE RELEASE OF A
GAS.



o CHANGE IN COLOR: A SUDDEN CHANGE IN COLOR, SUCH AS BROWNING OF AN APPLE WHEN EXPOSED TO AIR, OFTEN
SIGNIFIES A CHEMICAL REACTION.

* FORMATION OF A PRECIPITATE: THIS OCCURS WHEN TWO SOLUTIONS ARE MIXED AND AN INSOLUBLE SOLID FORMS AND
SETTLES OUT.

® |RREVERSIBILITY: MANY CHEMICAL CHANGES ARE DIFFICULT OR IMPOSSIBLE TO REVERSE UNDER NORMAL CONDITIONS.

RECOGNIZING THESE INDICATORS IS CRUCIAL FOR IDENTIFYING CHEMICAL TRANSFORMATIONS IN LABORATORY SETTINGS AND IN
THE NATURAL WORLD. THE CREATION OF ENTIRELY NEW CHEMICAL ENTITIES SIGNIFIES A PROFOUND CHANGE IN THE MATTER'S
IDENTITY.

MoLECULAR LEVEL: WHAT HAPPENS WHEN PAPER IS CUT

DELVING INTO THE MOLECULAR PERSPECTIVE OF THE CHEMICAL VS PHYSICAL CHANGE IN CUTTING PAPER REVEALS WHY IT IS
CLASSIFIED AS A PHYSICAL EVENT. PAPER IS PRIMARILY COMPOSED OF CELLULOSE, A POLYSACCHARIDE MADE UP OF LONG
CHAINS OF GLUCOSE UNITS LINKED BY GLYCOSIDIC BONDS. THESE CELLULOSE MOLECULES ARE ARRANGED INTO FIBERS, AND THESE
FIBERS ARE HELD TOGETHER BY WEAKER INTERMOLECULAR FORCES, PREDOMINANTLY HYDROGEN BONDS, AS WELL AS VAN DER

W AALS FORCES.

W/HEN YOU CUT PAPER WITH SCISSORS, THE BLADES EXERT A MECHANICAL FORCE THAT IS STRONG ENOUGH TO OVERCOME
THESE INTERMOLECULAR FORCES BETWEEN THE CELLULOSE FIBERS. THIS FORCE SEVERS THE CONNECTIONS BETWEEN ADJACENT
FIBERS, CAUSING THE PAPER TO SEPARATE INTO SMALLER PIECES. CRUCIALLY, THE COVALENT BONDS THAT HOLD THE GLUCOSE
UNITS TOGETHER WITHIN EACH CELLULOSE MOLECULE, AND THE BONDS WITHIN THE GLUCOSE MOLECULES THEMSELVES, ARE NOT
AFFECTED BY THE CUTTING ACTION.

THEREFORE, AT THE MOLECULAR LEVEL, THE INDIVIDUAL CELLULOSE MOLECULES REMAIN UNCHANGED. THEIR CHEMICAL
STRUCTURE, THE ARRANGEMENT OF ATOMS AND THE BONDS BETWEEN THEM, IS PRESERVED. No ATOMS ARE REARRANGED TO FORM
NEW COMPOUNDS, AND NO NEW CHEMICAL BONDS ARE CREATED OR BROKEN WITHIN THE MOLECULES. THE PROCESS IS
ANALOGOUS TO BREAKING A CHAIN MADE OF MANY LINKS; YOU ARE SEPARATING THE LINKS FROM EACH OTHER, BUT YOU ARE NOT
ALTERING THE STRUCTURE OF THE INDIVIDUAL LINKS THEMSELVES.

ExAMPLES oF PHYsICAL CHANGES VS. CHEMICAL CHANGES

TO SOLIDIFY THE UNDERSTANDING OF CHEMICAL VS PHYSICAL CHANGE IN CUTTING PAPER, EXAMINING A RANGE OF EXAMPLES IS
BENEFICIAL. THESE ILLUSTRATE THE PRACTICAL APPLICATION OF THE SCIENTIFIC DEFINITIONS.

ExAMPLES oF PHYSICAL CHANGES:

MELTING CHOCOLATE: THE CHOCOLATE CHANGES FROM SOLID TO LIQUID BUT REMAINS CHEMICALLY CHOCOLATE.

¢ DISSOLVING SUGAR IN WATER: SUGAR MOLECULES DISPERSE IN WATER BUT ARE STILL SUGAR MOLECULES.

BOILING WATER: W/ ATER CHANGES FROM LIQUID TO GAS (STEAM) BUT IS STILL H,O.

CRUSHING A CAN: THE SHAPE OF THE CAN CHANGES, BUT ITS METALLIC COMPOSITION DOES NOT.

® BREAKING A GLASS: THE GLASS IS IN PIECES, BUT ITS CHEMICAL MAKEUP IS UNCHANGED.



® |NFLATING A BALLOON: THE AIR INSIDE IS JUST SPREAD OVER A LARGER VOLUME, ITS COMPOSITION REMAINS THE SAME.

ExaMPLES oF CHEMICAL CHANGES:

® BURNING WOOD: W 0OOD REACTS WITH OXYGEN TO PRODUCE ASH, CARBON DIOXIDE, AND WATER VAPOR.

® BAKING A CAKE: INGREDIENTS UNDERGO CHEMICAL REACTIONS TO FORM NEW SUBSTANCES WITH DIFFERENT PROPERTIES.

RUSTING OF IRON: IRON REACTS WITH OXYGEN AND WATER TO FORM IRON OXIDE.

DIGESTING FooD: COMPLEX MOLECULES ARE BROKEN DOWN INTO SIMPLER ONES THROUGH CHEMICAL REACTIONS.

MIXING BAKING SODA AND VINEGAR: A REACTION OCCURS, PRODUCING CARBON DIOXIDE GAS, WATER, AND SODIUM
ACETATE.

PHOTOSYNTHESIS: PLANTS CONVERT LIGHT ENERGY, WATER, AND CARBON DIOXIDE INTO GLUCOSE AND OXYGEN.

BY COMPARING THESE SCENARIOS, THE DISTINCTION BETWEEN ALTERING FORM AND ALTERING COMPOSITION BECOMES CLEAR.
CUTTING PAPER FITS NEATLY INTO THE CATEGORY OF PHYSICAL CHANGES DUE TO ITS OBSERVABLE LACK OF CHEMICAL
TRANSFORMATION.

THE IMPORTANCE OF DISTINGUISHING BETWEEN CHANGE T YPES

(UNDERSTANDING THE DIFFERENCE BETWEEN CHEMICAL VS PHYSICAL CHANGE IN CUTTING PAPER AND OTHER PHENOMENA IS NOT
MERELY AN ACADEMIC EXERCISE, IT HAS PROFOUND PRACTICAL IMPLICATIONS ACROSS NUMEROUS FIELDS. IN SCIENCE EDUCATION,
THIS FUNDAMENTAL DISTINCTION FORMS THE BEDROCK FOR UNDERSTANDING MORE COMPLEX CHEMICAL CONCEPTS, REACTIONS,
AND PROPERTIES OF MATTER. WITHOUT A CLEAR GRASP OF THIS BASIC PRINCIPLE, STUDENTS WOULD STRUGGLE TO
COMPREHEND THE PROCESSES THAT GOVERN THE WORLD AROUND THEM.

IN INDUSTRY, RECOGNIZING WHETHER A PROCESS IS PHYSICAL OR CHEMICAL IS CRITICAL FOR EFFICIENCY, SAFETY, AND PRODUCT
DEVELOPMENT. FOR INSTANCE, SEPARATING COMPONENTS OF A MIXTURE THROUGH DISTILLATION (A PHYSICAL CHANGE) IS
APPROACHED VERY DIFFERENTLY FROM SYNTHESIZING A NEW COMPOUND THROUGH A CHEMICAL REACTION. SAFETY PROTOCOLS
ARE ALSO HIGHLY DEPENDENT ON THIS DISTINCTION. DEALING WITH A FLAMMABLE SUBSTANCE REQUIRES DIFFERENT PRECAUTIONS
THAN DEALING WITH AN INERT SUBSTANCE, AND THESE CLASSIFICATIONS ARE ROOTED IN THE TYPES OF CHANGES THEY CAN
UNDERGO.

FURTHERMORE/ THE REVERSIBILITY OF PHYSICAL CHANGES OFTEN MAKES THEM IDEAL FOR RECYCLING AND MATERIAL RECOVERY
PROCESSES. CONVERSELY/ THE IRREVERSIBLE NATURE OF MANY CHEMICAL CHANGES MEANS THAT BYPRODUCTS MUST BE MANAGED
CAREFULLY. THEREFORE, A THOROUGH UNDERSTANDING OF THESE CONCEPTS DIRECTLY IMPACTS RESOURCE MANAGEMENT,
ENVIRONMENTAL SCIENCE, AND THE DEVELOPMENT OF SUSTAINABLE TECHNOLOGIES. THE SIMPLE ACT OF CUTTING PAPER, WHEN
VIEWED THROUGH THIS LENS, SERVES AS A POWERFUL REMINDER OF THESE ESSENTIAL SCIENTIFIC PRINCIPLES.

FAQ



QZ IS CUTTING PAPER A CHEMICAL OR PHYSICAL CHANGE AND WHY?

A: CUTTING PAPER IS A PHYSICAL CHANGE. THIS IS BECAUSE THE ACT OF CUTTING ONLY ALTERS THE SIZE AND SHAPE OF THE
PAPER. THE CHEMICAL COMPOSITION OF THE PAPER, WHICH IS PRIMARILY CELLULOSE, REMAINS UNCHANGED. NO NEW SUBSTANCES
ARE FORMED, AND THE INTRINSIC CHEMICAL PROPERTIES OF THE PAPER PERSIST.

QI \WHAT WOULD BE AN EXAMPLE OF A CHEMICAL CHANGE INVOLVING PAPER?

A: AN EXAMPLE OF A CHEMICAL CHANGE INVOLVING PAPER WOULD BE BURNING IT. COMBUSTION IS A CHEMICAL REACTION \WHERE
THE CELLULOSE IN THE PAPER REACTS WITH OXYGEN TO FORM NEW SUBSTANCES LIKE CARBON DIOXIDE, WATER VAPOR, AND
ASH, ALL OF WHICH HAVE DIFFERENT CHEMICAL PROPERTIES THAN THE ORIGINAL PAPER.

QI How DO MOLECULAR BONDS DIFFER IN PHYSICAL VS. CHEMICAL CHANGES OF PAPER?

A:IN A PHYSICAL CHANGE LIKE CUTTING PAPER, THE MECHANICAL FORCE OVERCOMES THE WEAKER INTERMOLECULAR FORCES
HOLDING CELLULOSE FIBERS TOGETHER, BUT THE STRONG COVALENT BONDS WITHIN THE CELLULOSE MOLECULES THEMSELVES
REMAIN INTACT. IN A CHEMICAL CHANGE, SUCH AS BURNING, THESE COVALENT BONDS WITHIN THE CELLULOSE MOLECULES ARE
BROKEN, AND ATOMS ARE REARRANGED TO FORM NEW CHEMICAL BONDS AND NEW SUBSTANCES.

QZ CAN THE PHYSICAL CHANGE OF CUTTING PAPER BE REVERSED?

A: YES/ IN PRINCIPLE, THE PHYSICAL CHANGE OF CUTTING PAPER CAN BE REVERSED. IF YOU COLLECTED ALL THE CUT PIECES, YOU
COULD THEORETICALLY REASSEMBLE THEM TO FORM THE ORIGINAL SHEET OF PAPER, ALTHOUGH IT WOULD NOT BE SEAMLESS.
THIS REVERSIBILITY IS A KEY CHARACTERISTIC OF PHYSICAL CHANGES.

QI \WHAT ARE THE OBSERVABLE SIGNS THAT CUTTING PAPER IS A PHYSICAL CHANGE
AND NOT A CHEMICAL ONEP

A: THE OBSERVABLE SIGNS THAT CUTTING PAPER IS A PHYSICAL CHANGE INCLUDE THE ABSENCE OF GAS PRODUCTION, NO
CHANGE IN COLOR (UNLESS THE CUTTING TOOL MARKS IT), NO GENERATION OF HEAT OR LIGHT, AND NO FORMATION OF NEW
MATERIALS OR RESIDUES. THE PAPER SIMPLY BECOMES SMALLER PIECES OF THE SAME MATERIAL.

QZ WHY IS IT IMPORTANT TO DISTINGUISH BETWEEN CHEMICAL AND PHYSICAL CHANGES
IN EVERYDAY LIFE?

A: DISTINGUISHING BETWEEN CHEMICAL AND PHYSICAL CHANGES IS IMPORTANT FOR UNDERSTANDING HOW MATERIALS BEHAVE,
FOR SAFETY PURPOSES (E.G., KNOWING IF SOMETHING IS FLAMMABLE), FOR COOKING (\X/HERE CHEMICAL CHANGES CREATE NEW
FLAVORS AND TEXTURES), AND FOR PROCESSES LIKE RECYCLING, WHERE PHYSICAL SEPARATION IS KEY.

QZ DOES CUTTING PAPER CREATE DUST , AND IF SO, IS THAT A CHEMICAL CHANGE?

A: CUTTING PAPER CAN CREATE SMALL FIBERS OR DUST. THIS DUST IS STILL MADE OF CELLULOSE AND OTHER COMPONENTS OF
PAPER. THE CREATION OF DUST IS A RESULT OF PHYSICAL FORCES BREAKING APART THE LARGER STRUCTURE, NOT A CHEMICAL
REACTION, SO IT'S STILL CONSIDERED PART OF THE PHYSICAL CHANGE.
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